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PLATE 40. 
In spite of the many investigations upon the phagocytosis-enhan- 
cing substances of normal and immune sera, there is still much differ- 
ence  of  opinion regarding  the  nature  of  the  antibodies  by  which 
these effects are brought about; and the lack of agreement has cen- 
tered chiefly upon the question of whether the opsonins are separate 
antibodies, independent of those previously known, or whether op- 
sonic effects can be attributed to the activities of the alexin and sen- 
sitizer, acting individually or in coSperation. 
Investigations into the  nature of  the  opsonins of  normal sera have pointed, 
with increasing probability, toward the participation of alexin or complement in 
the  opsonic effect.  In their  earliest communications Wright and  Douglas  (I) 
noted the heat sensitiveness of normal opsonins, and since then many other simi- 
larities  between  the  opsonic  and  alexin  constituents of  the  serum  have  been 
observed. 
The  experiments of  Hektoen  and  Roediger  (2)  showed  that,  like  comple- 
ments, opsonins are inhibited ("neutralized or bound") by various salt solutions 
and by formalin. 
The work  of  Levaditi and Inmann (3)  brought out a  number of  points of 
similarity which may be tabulated as follows:  (a)  both alexin and opsonin may 
be unspecifically  absorbed out of serum by normal bacteria ;  (b)  both are absorbed 
by  cellular  detritus  or  organ  emulsions;  (c)  neither  is  present  normally  in 
aqueous humor, but both appear proportionally, with equal rapidity, two or three 
hours after puncture of the eye;  (e)  in edematous fluids there is a quantitative 
parallelism between the two. 
Muir and Martin (4)  further showed that opsonin, as well as complement, is 
fixed by specific precipitates and sensitized red blood ceils. 
It seems fairly clear in consequence of these and other investiga- 
tions that the substances which exert opsonic action and those which 
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activate  sensitized  complexes  cannot  be  definitely  separated  from 
each  other  by  any  of  our  present  methods.  Nevertheless  the  pre- 
vailing opinion  seems  to be  that  the  alexin  is  an  important  partici- 
pant  in normal  opsonic action,  but  that  the  process  itself is depend- 
ent upon a  complex mechanism  in which normal  amboceptor  or sen- 
sitizer  co6perates  with  the  alexin,  just  as  this  is  supposed  to  take 
place  in  the  bactericidal or  occasional  hemolytic  effects  of  normal 
sera. 
This is the opinion of Dean  (5),  who believes that the mechanism of normal 
and of immune opsonic action is, in principle, the same, but that in normal serum 
the amount  of sensitizer is  so  small that  the  destruction of the  alexin reduces 
opsonic activity to a  degree which is too slight to  be measurable.  Neufeld  (6) 
in a  recent treatise expresses his opinion unqualifiedly as  follows: "The phago- 
cytic antibodies of  normal  and  immune  sera  may be  divided into  two  classes: 
first, the  'tropins,' which  are  simply constituted  substances,  do  not  require  the 
co6peration of complement and,  therefore,  are still active after  serum  has  been 
heated;  and  second,  the  complex  'opsonins,' in  the  case  of  which,  just  as  in 
bacteriolysis and  haemolysis,  a  co6peration  of  amboceptor  and  complement  is 
involved." 
We  shall not "discuss  differences of  opinion  regarding  immune  opsonins  or 
bacteriotropins.  As  far  as  the  normal  opsonins  are  concerned,  the  views  of 
Dean  and  Neufeld  are  apparently shared  by  Levaditi and  Inmann,  Cowie  and 
Chapin  (7),  and  a  number  of  other  investigators, all  of  whom  succeeded  in 
showing that tile opsonic power of normal serum destroyed by inactivation, may 
be restored, in part, by the addition of diluted normal serum, too slight in amount 
to produce powerful phagocytosis by itself. 
An analysis of the opsonic properties of the alexin fractions produced by the 
methods  of Ferrata,  Sachs-Altmann, and others  was  therefore undertaken;  but 
after  the  work  was  well under  way it  was  found  that  a  similar investigation, 
previously overlooked, had been carried out by Hata  (8)  in I9o8. 
Hata found that, as in the case of complement, opsonin is divided by dialysis 
into two parts, neither of which is active alone, but together in proper amounts, 
opsonic action can be restored.  It is important to note, however, that the recon- 
structed opsonin was not, in his experiments, as strong as the original undivided 
substance.  This, then,  draws a  compiete parallel between alexin or complement 
and  opsonin,  as  analyzed by the  method  of  complement-splitting.  Our  results 
at  this  time, however,  had  already begun  to  show  definite  discrepancies  from 
those obtained by Hata, and we continued and repeated experiments in order to 
rule out accidental causes and to arrive at a  definite result. 
We  shall now  describe certain  general  features  of  our  technique, 
which  were  employed  in all the experiments,  in  order  that  we  may 
omit  in  the  protocols  all  but  the  particular  controls  which  have 
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METHODS EMPLOYED IN ALEXIN-SPLITTING AND IN THE CONTROL OF 
HEMOLYTIC  ACTIVITIES. 
In  the  preliminary  experiments  rabbit  serum  was  occasionally 
used.  Fresh  normal  guinea  pig  serum  was  used  throughout  our 
later experiments and in the work reported in this paper.  The plan 
of procedure was to separate the alexin or complement into its frac- 
tions by various methods,  and then to  test  these  split products  for 
both  alexin and  for  opsonic effects,  alone and reunited,  in parallel 
series. 
We employed for the purpose of alexin-splitting the dialysis method of trer- 
rata, the dilution method of  Sachs and Altmann (dilution with slightly acidified 
distilled water),  an,d the passage  of  carbon dioxide through the  diluted serum, 
as advised by Liefmann and others. 
In each  experiment we  determined that  each  fraction alone was  completely 
inactive in hemolyzing sensitized cells,  and that when put together activity was 
restored.  This  was  done  both  immediately after  accomplished  splitting,  and 
again at  the  time at  which  the  opsonic tests  were  set  up,  in order  to  control 
possible deterioration of the globulin fraction, which  is known to proceed  rap- 
idly when this constituent is kept for a few hours dissolved in salt solution. 
The error which is most  difficult to  avoid in the  experiments consists in an 
incomplete separation of  the two alexin fractions.  We shall not at  present go 
into the  work  of  Bronfenbrenner and Noguchi  (9)  which  throws  doubt  upon 
the  actual  existence of  two  separate  alexin fractions.  This  will be  con,sidered 
in connection with later experiments.  However this may be, it is unquestionably 
difficult  to  obtain either an albumen or  a  globulin fraction devoid of  traces  of 
hemolytic activity by any of these methods,  and apparently pure  fractions may 
often be shown to  be hemolytically active if tested,  in sufficient  quantity, with 
highly sensitized cells. 
Hence the sensitized red cells  which were used  for control  (sheep  cells  and 
anti-sheep rabbit serum)  were  saturated with  sensitizer by the  addition of  an 
excess of immune serum, and subsequently washed.  In consequence they formed 
an extremely delicate indicator of hemolytic action, and in the control tests the 
alexin  fractions  were  added  in  quantities which  corresponded often  to  many 
multiples of  the amounts powerfully active when the  two  elements were  added 
together.  With a  control as  rigid as  this,  we  encountered many difficulties  in 
completely splitting the complement.  Both  the carbon dioxide method  and the 
Sachs-Altmann method of dilution usually yielded a globulin fraction which was 
inactive, though the albumen fraction in these cases was often slightly hemolytic. 
For  this  reason  in  many of  our  earlier  experiments we  combined the  carbon 
dioxide globulin fraction with  the  dialysis albumen fraction,  or  end-piece.  In 
later experiments we used the dialysis method entirely, as being likely to produce 
the least chemical alteration in reaction, etc. 
In  carrying  out  the  dialysis  method  our  final  procedure  was  as  follows: 
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one part being preserved under the same  conditions of  light and  temperature  as 
the dialyzed part in order that it might be used as a  normal complement control. 
The  other  half  was  diluted with  two  parts  of  distilled  water  and placed  into  a 
fish  bladder  dialyzing  bag  which  was  hung  into  a  jar  of  distilled  water.  Into 
this  jar  a  steady  trickle  of  distilled  water  was  allowed  to  drip  out  of  a  five 
gallon  demijohn,  the  water  being  allowed  to  splash  close  to  the  dialyzing  bag 
in order to establish currents; it was removed by siphon arrangement which took 
the water  from  the bottom of  the jar.  In  this way  a  constant level  was  main- 
tained,  and  from  5  to  Io  gallons  of  distilled  water  were  run  through  during 
the course of  from 24 to 36 hours.  After 24 hours small quantities were removed 
from the bag, centrifugalized and, after being rendered isotonic with Io per cent. 
salt  solution,  were  tested  against  sensitized  cells.  When  the  albumen  fraction 
or  end-piece,  in  amounts  equivalent to  about o.3  c.c.  of  the  original  serum,  had 
been  found  to  be entirely inactive, the bulk of  the  serum  was  taken  out of  the 
bag and centrifugalized until the supernatant fluid was clear.  This was  pipetted 
away and rendered isotonic with  I0 per cent.  salt solution, constituting our albu- 
men  fraction  (end-piece).  The  globulin  fraction  was  dissolved  in  an  amount 
of  salt  solution  equivalent  to  the  volume  of  the  original  serum  it  represented. 
It  is noteworthy that the globulin fraction so prepared  was  never in  any of  our 
experiments  entirely inactive if used  in  sufficient quantity  with  sensitized  cells.  1 
In  the  majority  of  cases  a  rapid  hemolysis  occurred  even  when  this  globulin 
fraction  (mid-piece)  was  used in quantities equivalent to o.I  c.c.  of  the original 
serum.  For  this  reason  it  was  always  reprecipitated  by  adding  distilled  water 
and  again dissolved  in  salt  solution.  One  reprecipitation  rarely  sufficed,  and  in 
some cases  there was  slight hemolytic activity even after two  or  three  reprecipi- 
tations.  Although  reprecipitation  always  involved  a  certain  amount  of  loss  it 
was  continued  in  every  case  until  the  mid-piece,  dissolved  in  salt  solution,  was 
found  to  be  entirely  inactive.  The  persistence  of  hemolytic  properties  in  the 
dialyzed  globulin  fraction  after  precipitation  is  in  itself  an  interesting phenom- 
enon in that it indicates how slight may be the amount of albumen  fraction  (end- 
piece)  still  capable  of  hemolyzing  in  the  presence  of  the  globulin,  before  com- 
plete separation has been attained.  It seems hardly credible that after two repre- 
cipitations  enough  end-piece  can  be  still  mechanically  adherent  to  the  globulin 
to  cause  hemolysis,  especially  since  after  complete  separation  the  amount  of 
albumen  fraction  necessary  for  activation  of  mid-piece  rarely  amounts  to  l¢~ss 
than the equivalent of  from 0.o25  to  0.05 of  the original serum.  While no defi- 
nite explanation can be offered  for this peculiarity,  it seems to  point  to  the  fact 
that  in  the  original  serum  the  fractions  are  present  as  a  complex  and  not 
separately. 
Incidentally in carrying out the preliminary titrations we were able to confirm 
a  number of the observations of  Hecker  (I0)  concerning the inactivation which 
results  if  the globulin and  albumen  fractions  are  allowed  to  stand  together  for 
any length of  time.  If  the two  were  allowed  to  stand at  room  temperature  for 
from  two  to  five  minutes  before  the  cells  were  added,  marked  inhibition  of 
hemolysis  was  the  result.  In  some  cases  distinct  inhibition was  induced  when 
This  fact  has  also  been  repeatedly  encountered  by  Mr.  Maltaner,  working 
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the albumen  portion was first  run  into the tubes containing the red cells and  the 
globulin fraction immediately after it.  If the order  was  reversed  prompt  laking 
resulted. 
METHODS  EMPLOYED  IN THE  PHAGOCYTIC  ESTIMATIONS. 
Throughout  our  experiments  twenty-four  hour  cultures  of 
Staphylococcus  pyogenes  aureus  on  slightly acid  agar  were  used. 
Emulsions of this were made in salt solution. 
'  The leucocytes employed were obtained from guinea pigs in the 
following way:  when an  experiment was  to  be  set up during the 
morning, the guinea pigs were injected intraperitoneally with five 
to  ten cubic centimeters of a  thin aleuronat emulsion on the pre- 
ceding evening.  When the experiment was delayed until the after- 
noon a similar injection was made early in the morning.  As soon 
as  the alexin  fractions had been  found inactive alone,  and  active 
together in the hemolytic tests,  the guinea pig was killed, a  small 
incision made in the abdomen, and ten cubic centimeters or more of 
citrate solution were run into the peritoneum.  By gentle agitation 
this was made to mix with the exudate in the peritoneal cavity and 
was taken out with nipple pipettes into centrifuge tubes.  By gentle 
centrifugation the' clumps were first removed, the supernatant fluid, 
consisting of an even leucocytic emulsion, was pipetted off, and the 
leucocytes were washed in two or three changes of salt solution by 
slow centrifugation to avoid clumping.  They were finally emulsi- 
fied in salt solution and kept in the incubator for rarely longer than 
one half to  two hours before use.  The mixtures  of  alexin  frac- 
tions, bacteria and phagocytes, were put into small test tubes  (4 by 
inches)  in which they could be easily shaken up, and were ex- 
posed to 380 to 40 ° C. in a water bath for from forty-five minutes 
to an hour.  During this period they were shaken up three or four 
times. 
After  such  incubation the tubes  were  gently eentrifugalized in 
order that the leucocytes might be thrown down and relatively freed 
from extracellular bacteria.  The supernatant fluid was poured off, 
the sediment re~mulsified in a  few drops of salt solution, and this 
emulsion smeared upon slides,--a separate nipple pipette being used 
for  each tube. 
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preparations  in  which  no  gross  errors  in  counting  could  occur. 
Satisfactory accuracy was attained in the earlier experiments by the 
use of Gram's stain after fixation by heat.  By this  technique the 
count could be assumed to be accurate, in that the contrast between 
bacteria and cells was  sharp,  but  there was  poor  definition of  the 
cells.  In  our  later  experiments  we  stained  the  slides  in  the  fol- 
lowing way with much more satisfactory results: The dried prepa- 
rations were fixed in heat, and washed in considerable quantities of 
tap  water,  in  order to  remove the  salt  crystals.  They were then 
stained with Gram's  gentian violet  for half a  minute,  and Gram's 
iodin for ten seconds.  After this they were washed in alcohol until 
decolorized, and directly from the alcohol were plunged for fifteen 
to twenty seconds into Jenner's solution. 
EXPERIMENTAL  PART. 
The tabulation of experiment I  illustrates the plan of earlier ex- 
periments  in  which our  results  were  negative,  in  that  no  opsonic 
action appeared  either when the  albumen  fraction or  the  globulin 
fraction  was  used  alone,  or  when the  two  were  used  together  in 
quantities in which they produced the rapid and complete hemolysis 
of sensitized cells.  Negative results  were the rule in  the first ten 
or fifteen experiments, and it  was our inability to  account for the 
fate of the opsonin  during the splitting  process  that  forced us  to 
continue the tests. 
EXPERIMENT  I. 
Preliminary Titration of Hemolytic Effects3 
Dialysis globulin fraction: o.I  c.c.  represents o.I  c.c.  of original serum. 
Dialysis albumen fraction : o.2 c.c.  represents o.I c.c.  of original serum. 
I.  Sensitized cells o.5  c.c. +  whole complement o.I  c.e. 
~---complete hemolysis in  5  rain. 
2.  Sensitized cells 0.5  c.c. +  globulin  fraction o.4  c.c. 
=  no  hemolysis. 
3.  Sensitized cells o.5  c.c. +  albumen  fraction 0.6  c.c. 
=  no  hemolysis. 
4.  Sensitized cells 0.5  c.c. +  globulin  fraction 0.2  c.c. +  albumen  fraction 0.3  c.c. 
~---complete hemolysis in  IO  rain. 
5.  Sensitized cells +  salt  solution  =  no  hemolysis. 
2 The results in the hemolytic titrations were always checked up after twenty- 
four  hours  at  room  temperature,  and  if  end-piece or  told-piece  alone  showed 
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Phagocytosis  Estimation. 
Phagocytic average. 
Experiment.  (xoo cells.) 
(a)  Bacteria  ................................  o.2  c.c. 
Whole complement ......................  o.I  c.c. 
Leucocytes  ..............................  0.2  c.c. 
Salt solution ............................  0.5  c.c~ =  2o + 
(b)  Bacteria  ................................  0.2  c.c. 
End-piece (albumen) ....................  0.3  ¢.c. 
Leucocytes  ..............................  o.2 ¢.c. 
Salt solution .......................  .....  0.3  c.c. =  2.1 
(c)  Bacteria  ................................  0.2  c.c. 
End-piece  (albumen)  ...................  0.5  c.c. 
Leucocytes  ..............................  0.2  c.c. 
Salt solution ............................  o.I  c.e. =  1.8 
(d)  Bacteria  ................................  o.2  c.c. 
Mid-piece (globulin)  ....................  0.4 c.c. 
Leucocytes  ..............................  o.2 c.e. 
Salt solution ............................  o.2 c.c. =  0.8 
(e)  Bacteria  ................................  0.2  c.e. 
Mid-piece ...............................  o.2 c.c. 
End-piece ...............................  0.3 c.c. 
Leucocytes  ..............................  0.2  c.c. 
Salt solution ............................  o.I  c.c. =  2.5 
(f)  Bacteria  ................................  o.2  c.c. 
Leucocytes  ..............................  0.2 c.c. 
Salt solution ............................  0.6 c.c. =  o.2 
In seeking for a  possible fault in the technique to account for'the 
complete  loss  of  opsonic  effects  in  the  experiments,  we  were  led 
to  modify  the  procedure  in  two  important  points.  To  carry  out 
completely  the  analogy  between  the  phagocytosis  of  bacteria  and 
the hemolysis of red cells, in their relation to complement, it seemed 
necessary  to  sensitize  the  bacteria  by  exposure  to  heated  normal 
serum  before  carrying out  the  phagocytic  experiment.  It  seemed 
possible also that with unsensitized as well as with sensitized bacte- 
ria there might be an error in our experiments depending on the use 
of excessive amounts of the globulin fraction  (mid-piece), since an 
excess  of  this  is  known  to  inhibit  hemolysis.  Accordingly  we 
planned our next experiment with these  points in view, testing the 
opsonic  action  of  the  split  products  alone  and  together  (a)  upon 
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fraction (mid-piece), (c)  upon bacteria treated with normal heated 
serum  (sensitized), and upon sensitized bacteria treated with mid- 
piece, persensitized to follow the designation of Michaelis. 
A  few of these experiments follow.  ~ 
EXPERIMENT  II. 
The purpose of this experiment was to determine whether the previous expo- 
sure of bacteria to the globulin fraction rendered them more amenable to opsunic 
action  by  the  albumen  fraction  than  they  were  When  the  two  fractions  were 
added together.  In  each case preliminary hemolytic titrations  were  carried  out 
as  before, and  phagocytic  experiments were not  done  until  end-piece and  mid- 
piece were  found  entirely inactive  alone,  and  active  together•  Experiments in 
which  hemolysis appeared  with  end-  or  mid-piece alone  by  the  next  morning 
were not tabulated. 
Dialysis albumen fraction; carbon dioxide globulin fraction. 
The bacteria  were emulsified in  salt  solution.  Globulin  fraction 0.2  c.c.  was 
added  to  I  c.c.  of  the  emulsion,  left together at  37.5 °  C.  for 40  minutes,  then 
thrown down in the centrifuge and re~mulsified in salt solution• 
Experimental procedure. 
(a)  Bacteria+globulin fraction left 40 min., washed, then 
added albumen from 0.2 c.c. +leucocytes  ........ 
(a  t)  Bacteria+globulin fraction,  left  40  rain.,  washed, 
then added salt solution+leucocytes (control for 
(a) with same emulsion of bacteria) ............ 
(b)  Bacteria: 
Albumen fraction 0.2 c.c.  Leucocytes  .......... 
(c)  Bacteria: 
Globulin fraction o.x c.e.  Leucocytes  .......... 
(d)  Bacteria: 
Salt solution.  Leucocytes .................... 
(e)  Bacteria: 
























The results of this experiment will be discussed below with those 
of  experiments  III  and  IV. 
EXPERIMENT  III. 
Thepurpose of this experiment was to compare in one experiment the phago- 
cytosis  of  bacteria  treated  with  heated  normal  serum  (sensitized)  to  that  of 
s The amounts of the albumen and globulin  fractions used in the phagocytic 
experiment in  which the two were recomblned corresponded to  those that gave 
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bacteria  treated  first with normal  serum  and  then  with the globulin complement 
fraction  (persensitized)  in the presence and  absence of the albumen  fraction. 
Preliminary hemolytic titrations  as  before. 
An emulsion of staphylococci in salt solution was treated  with heated normal 
guinea pig serum  for 3o minutes  at 37.5 °  C.  (sensitization).  The bacteria  were 
then  thrown  down  in  the  centrifugO  and  re~mulsified  in  salt  solution.  This 
emulsion was  then  divided into two parts,  A, and  B.  To A  was  added  globulin 
fraction  (mid-piece),  0.2  c.c.  (to  I  c.c.  of  emulsion),  and  this  mixture  was  left 
for  3o minutes  at  37.5 °  C.  Again  the bacteria  were  thrown  down  and  re~mul- 
sifted.  We  now  had  two  staphylococcus  emulsions,  one  treated  with  heated 
normal  serum  (sensitized),  the  other  treated  with  this  and  also  with  mid-piece 
(persensitized).  The  two  were  equalized  as  far  as  possible  and  the  following 
experiment  was  carried  out.  Since  it  was  of  course  not  possible  to  equalize 
exactly the two emulsions, it will be seen that we duplicated some of the controls. 
Dialysis albumen  fraction;  dialysis globulin fraction. 
Phagocytic average. 
Experiment.  July 25, i9x  3. 
A  (I)  Bacteria  sensitized 
Albumen  fraction 
Leucocytes  =  13.2 
A  (2)  Bacteria  sensitized 
Salt solution 
Leucocytes  =  1.5 
A  (3)  Bacteria  persensitized 
Albumen  fraction 
Leucocytes  =  12.6 
A  (4)  Bacteria  persensitized 
Salt solution 
Leucocytes  =  2.22 
B  (I)  Bacteria  sensitized 
Albumen  fraction 
Leucocytes  =  I2.  7 
B  (2)  Bacteria  sensitized 
Globulin  fraction 
Leucocytes  =  2.44 
B  (3)  Bacteria  sensitized 
Globulin  fraction 
Albumen  fraction 
Leucocytes  =  9.o 
B  (4)  Bacteria  sensitized 
Whole complement 
Leucocytes  =  20.0 + 
4In  the centrifugations  there  was  always  a  loss  of  bacteria,  since  they were 
never  completely  thrown  down  within  thirty  minutes  by  the  centrifuge  that 
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EXPERIMENT  IV. 
July 26,  1913 . 
The  purpose  of  this  experiment  was  to  compare  normal,  sensitized,  and  per- 
sensitized  bacteria  under  the  same conditions. 
Hemolytic  titrations  were  carried  out  as  before. 
Dialysis albumen  fraction;  carbon  dioxide globulin  fraction. 
Phagocytic average. 
.4.  Bac/~teria 
Substances added in phagocytic experiment (volumes  I  sensitized 
equalized with salt solution).  Normal  [with normal 
bacteria.  I  heated 
--Ii  ....  I.  Albumen fraction alone ....................  9.0  9.8  L zS  .15 
:.  Globulin fraction alone .....................  o.5 
3.  Albumen fraction 
Globulin fraction ..........................  I6.7  15.3 
4.  Salt solution ..............................  o.48  r  i.I2 
5.  Whole complement ........................  /  I4.o  l  z8.o 
6". 
Bacteria sensitized 
with heated serum, 





The results of these experiments indicate that the albumen frac- 
tion (end-piece) is the essential factor in determining  normal opsonic 
action.  From experiment II  (c)  (three separate measurements) it 
is seen that mid-piece alone may carry some slight opsonic proper- 
ties, and, from a  comparison of  (a),  (b),  and  (e)  of the same ex- 
periment, that a  co6peration of albumen and globulin fractions is 
more powerfully active than the albumen fraction alone.  However, 
prolonged experience with experiments of this kind leads us to place 
little  confidence  in  the  significance  of  such  slight  differences  of 
measurement, and we feel that the only positive conclusion that we 
can draw  from experiment II  is  that  bacteria  may be  powerfully 
phagocyted in the presence of end-piece or albumen fraction alone, 
under conditions in which this fraction has absolutely no action upon 
sensitized red cells.  The same applies to experiments III and IV. 
Here  again  it  is  suggested that  the sensitization of  bacteria  with 
heated serum and preliminary treatment with the globulin fraction 
may re~nforce the opsonic action of the albumen portion.  But the 
5 15.I  is  the count  made  with  a  different  emulsion  equalized  optically  to  that 
used  in  the  experiments  with  the  normal  bacteria.  The  discrepancy  between 
this count and  the other  (9.8)  shows that no conclusions can be  drawn  from  the 
slight  differences  in  degree  of  phagocytosis  when  the  emulsions  are  equalized 
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differences that indicate this again are slight and we can draw but 
one positive conclusion; namely, that the essential participant in the 
normal opsonic action is the end-piece, or albumen fraction. 
In the experiments tabulated,  as well as in a  number of others, 
this result was unmistakable and definite.  Yet for a  long time we 
were  not  able  to produce these  results  at  will,  many experiments 
showing, like the earlier ones, complete disappearance of the opsonic 
action after  complement-splitting.  When opsonic action could be 
determined at all it resided most powerfully in the end-piece.  Never 
did it reside to more than a very slight degree in the globulin, or mid- 
piece, alone..When phagocytosis occurred after  reconstruction of 
the complement by reunion of the  fractions,  it occurred also,  and 
with nearly the same power under the influence of the albumen frac- 
tion  alone.  Often,  however,  it  seemed to  disappear  entirely  and 
was absent in all the tubes. 
This inconsistency of results necessitated prolonged experimenta- 
tion in which it was endeavored to ascertain the factor that deter- 
mined our frequent negative results.  Repeated hemolytic controls 
seemed definitely to exclude the possibility of deterioration of the 
complement during the process of separation as an explanation for 
this.  We were finally led to seek the source of variation in altera- 
tions of the reaction of the serum during dialysis. 
Liefmann and Stutzer  (II)  found, in  I9Io  , that in bacteriolytic 
processes end-piece or albumen fraction alone was necessary for the 
exercise of the complementary function.  On the basis  of experi- 
ments by Braun  (I2)  and further investigations of Liefmann and 
Cohn  (I3)  they  have  retracted  this  view.  Bronfenbrenner  and 
Noguchi  (I4)  in  an  extensive  biochemical study of  complement- 
splitting have come to the conclusion that in hemolysis, also, the end- 
piece alone is the active element, which, in the process of fractiona- 
tion, is inactivated by change of reaction.  It was their work par* 
ticularly that caused us to focus our attention upon the reaction of 
our  products,  in  experiments in  which we  confined ourselves  en- 
tirely  to  the  dialysis  method.  The  following is  a  representative 
titration, which illustrates our general results; namely, that the al- 
bumen fraction obtained, after dialysis is distinctly more acid than 
the original serum.  Since the accurate titration of small quantities 356  Nature  of  Opsonic  Substances  of  Normal  Sera. 
is  subject  to  considerable possibility  of  error,  we  requested  Pro- 
fessor Howe, of the Department of Biological Chemistry, to check 
up  our  results.  The  following titration  is  one which was  kindly 
done by him both with his  own solutions  and with those prepared 
by us. 
TITRATION  OF SERUM. 
Fresh  guinea pig  serum  was  divided  into  two  parts.  One  part  was  placed 
on ice;  to the other  (6 c.e.)  12 c.c.  of  distilled water  were added.  The mixture 
was  placed  in  a  new  fish  bladder  dialyzing  bag  and  dialyzed  for  24  hours  as 
usual  against  running  distilled  water.  Two  liters  of  the  same  water  used  for 
dilution and  for  dialysis  were kept sealed  with paraffin,  so that no  errors  might 
arise  from  this source.  The  titrations tabulated  were  done  with N/25o  sodium 
hydrate,  prepared  by  Dr.  Howe,  with  phenolphthalein  as  an  indicator.  The 
dialyzed  serum was pipetted  out of the bag into a  clean test-tube.  The bag was 
washed out with this water,  sufficient in amount  to  bring the  total volume to 24 
c.c.  This was  then  eentrifugalized  until  clear. 
Titrations. 
30 c.c.  of  distilled water  ~  0.4  N/25o sodium hydrate. 
Original serum  I  c.c,  } 
=  0.25 N/25o sodium hydrate. 
3o c.c.  distilled water 
The alkalinity of the serum to phenolphthalein  ~-~ o.15 N/25o sodium hydrate. 
Albumen  dialysate equivalent  to  I  c.c.  of  original  serum  brought  to  30  e.~ 
with  distilled water  =  1.6  N/25o sodium hydrate. 
Subtract water  ~-~  0.4 
The  acidity  of  the  dialysate  ~  1.2  N/25o 
Gain in acidity during dialysis  ~---  1.35 N/25o acid. 
It was evident therefore that the experiments carried out with the 
albumen  fraction  alone,  both  hemolytic  and  opsonic,  were  done 
under  conditions  of  reaction different  from those  done  with  un- 
dialyzed complement.  Our .variable  results  could possibly be  ex- 
plained, therefore, on the basis of differences of reaction due to the 
various lots of distilled water used for dialysis, when these experi- 
ments were begun in California.  There we had used water obtained 
from three different stills, without recording the source of the water 
in each case.  With the water used in the laboratory at Columbia 
University, always from the same still,  6 uniformly negative results 
were obtained until  we paid  attention  to  the  reaction.  This  was 
done  in  experiments  of  which  the  following  tabulations  are 
examples. 
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EXPERIMENT  V. 
Dialysis  Albumen Fraction. 
Preliminary  Hemolytic  Titration. 
December  6,  I913. 
Whole  complement  0.5  c.c. +  sensitized  cells  o.5  c.c. ----- complete  hemolysis  in 
5  rain. 
Albumen fraction alone o.6 c.c. +  sensitized cells =  no hemolysis in 24 hrs. 
Globulin fraction o.2 c.c. +  sensitized cells =  no hemolysis in 24 hrs. 
Globulin  fraction 0.2  c.c. +  albumen o.3  c.c. +  sensitized cells =  complete  hemol- 
ysis in  15 min. 
.4.  Hemolytic Experiment. 
Albumen  Acid or alkali made isotonic 
fraction  with xo per cent. sodium  Sensitized  Salt 
(end-piece).  chloride.7  cells,  solution.  Hemolysis. 
I.  0.4 c.c. +  N/35o hydrochloric acid 0.4 c.c. +  0.5 c.c..+ 0.2 c.c. 
=  very  slight hemolysis. 
2.  0.4 c.c. +  N/35o hydrochloric acid o.2 c.c. +  o.5 c.c. +  o.4 c.c. =  no hemolysis. 
3.  0.4 c.c. +  no acid or alkali  +  0.5 c.c. +  o.6 c.c. =  no hemolysis. 
4.  o.4 c.c. +  N/35o sodium hydrate  0.2 c.c.'.+ o.5 c.c..+ o.4 c.c. =  no hemolysis. 
5.  0.4 c.c. +  N/35o sodium hydrate  o.  4 c.c. +  o.5 c.c..+ o.2 c.c. ~--- no hemolysis. 
6.  0.4 e.c..+ N/35o sodium hydrate  o.6 c.c. +  0.5 c.c. +  o.o c.c. ~--- no hemolysis. 
B.  Phagocytic  Experiment. 
Percentage 
Albumen  Phago-  of cells 
fraction  Leucocytic  Bacterial  Salt so-  cytic  containing 
(end-piece).  Acid or alkali,  emulsion,  emulsion,  lution, average, bacteria. 
I.  0.4 c.c.+N/35o hydrochloric acid 0.4 c.c.+o.3 c.c.+o.3 c.c.-+-o.2 c.c.:o.I8  12% 
2.  0.4 c.c.+N/35o hydrochloric acid 0.2 c.c.+o.3 c.c.+o.3 c.c.+o.4 c.c.=o.49  23% 
3.  0.4 c.e .............................  .+0.3 c.c..+o.3 c.c.+o.6 c.c.=I.36  50% 
4.  o.4 c.c.+ N/35o sodium hydrate  o.2 c.c.+o.3 c.c.+o.3 c.c.+o.4 c.c.=4.9  78% 
5.  0.4 c.c.+ N/35o sodium hydrate  0.4 c.c.+o.3 c.c.+o.3 c.c.+o.2 c.c.=6.68  89% 
6.  0.4 c.c.+ N/35o sodium hydrate  o.6 c.c.+o.3 c.c.+o.3 c.c..+o.o c.c.=4.5  55% 
From experiment V  it appears that the alteration of reaction does 
not activate  the hemolytic properties  of the albumen fraction upon 
sensitized cells.  This is contrary to the results  of Bronfenbrenner 
and Noguchi.  The slight hemolysis in tube A  (I)  we attributed to 
the acid,  and this we  found to  be  the  case,  as  will be  seen  in the 
next experiment.  The  result  in the opsonic experiment,  however, 
showed  that  a  restitution  of  alkalinity  restored  opsonic  power  to 
the albumen fraction, apparently an optimum being reached with the 
addition of 0.4 of a cubic centimeter  of an N/35o  sodium hydrate 
solution to 0.4 of a cubic centimeter of the end-piece. 
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The  table  (experiment  VI)  that  follows  is  similar  except  that  at 
the  same  time  we  carried  out  an  attempted  restitution  of  comple- 
ment  (C)  by reunion  of the  fractions,  as in the earliest experiments. 
EXPERIMENT  Vl. 
Preliminary Hemolytic Titration. 
A. 
I.  Whole complement 0.5 c.c. +  sensitized cells o.5 c.c. 
2.  Albumen  fraction alone  I  e.c. +  sensitized cells 
3.  Albumen  fraction  alone  3  c.c.+ sensitized cells 
4.  Globulin  fraction alone 0.4  c.c. +  sensitized cells 
5.  Globulin  fraction o.2  c.c. +  albumen  fraction o.3 
c.c. +  sensitized cells 
6.  Globulin  fraction 0.3  c.c. +  albumen  fraction 0.5 
c.c. +  sensitized cells 
B. 
:  hemolysis in  8  min. 
:  no  hemolysis in 24  hrs. 
:  no  hemolysis i  n  24  hrs. 
=  no  hemolysis in  24  hrs. 
:  hemolysis in  20  min. 




Phago-  cells con- 
Serum con-  Leucocytic  Bacterial  Salt  cytie  taining 
stituents,  emulsion,  emulsion,  solutlon.average, bacteria. 
I.  Whole complement  o.I c.c. +  0.3 c.c. +  o.3 c.c. --}- I.O c.c. =  3.25  80% 
2.  Salt  solution  I.I c.c.+o.3c.c.+  o.3c.c.+o.oc.c.=o.5  26% 
3-  Globulin fraction  (mid-piece) 0.4 c.c. +  0.3 c.c. +  0.3 c.c. +  0.7 c.c. =  0.36  18% 
4.  Globulin fraction  (mid-piece) o.3 c.c. +  o.3 c.c. +  o.3 c.c. +  0.3 c.c. =  o.5  25% 




fraction  Sensitized  Salt 
(end-piece).  Acid or alkali,  cells,  solution.  Result. 
I.  0.5 c.c. +  N/35o hydrochloric acid 0.6 c.c. +  0.5 c.c. +  o.o ~c.e. :  hemolysis  mod- 
erate  in  12  hrs. 
2.  0.5 c.c. +  N/35o hydrochloric acid o.4 c.c. +  0.5 c.c. +  o.2 c.c. =  very  slight  hem- 
olysis in  12  hrs. 
3.  0.5 c.c. +  N/35o hydrochloric acid o.2 c.c. +  o.5 c.c. +  0.4 c.c. =  no hemolysis. 
4.  o.5 ¢.c. +  N/35o hydrochloric acid o.o c.c. +  o.5 c.c. +  o.6 c.c. =  no hemolysis. 
5.  0.5 e.c. +  N/35o sodium hydrate  o.2 c.c. +  0.5 c.c. +  o.4 c.c. =  no hemolysis. 
6.  o.5 c.c. +  N/35o sodium hydrate  o.4 c.c. +  0.5 c.c. +  o.2 c.c. =  no hemolysis. 
7.  0.5 c.c. +  N/35o sodium hydrate  0.6 c.c. +  o.5 c.c. +  o.o c.c. ~---  no hemolysis. 
8.  Control--acld alone  o.6 c.c. +  0.5 c.c. +  o.o c.c. =  strong  hemolysis 
in  12  hrs. 




Phago-  of cells 
Leucocytic  Bacterial  Salt  cytic  containing 




I. O,5 c.c.+N/350 hydrochloric acid 0.6  c.c.+o.3 c.c.+o.3 c.c.+o.o c.c.  0.36  16% 
2. 0.5 c.c.+N/350 hydrochloric acid 0.4 c.c.+o.3 c.c.+o.3 c.c.+o.2 c.c.  o.18  14% 
3.  o,5 c.c.+N/35o hydrochloric acid 0.2 c.c.+o.3 c.c.+o.3 c.c.+o.4 c.c.  o.32  22% 
4. 0.5 c.c.+N/35o hydrochloric acid o.o c.c.+o.3 c.c.+o.3 c.c.+o.6 c.c.  0.38  26% 
5.  0.5 c.c.+N/35o sodium hydrate  o.2 c.c.+o.3 c.c.+o.3 c.c,+o.4 c.c.  1.98  64% 
6. 0.5 c.c.+N/35o sodium hydrate  0.4 c.c,+o.3 c.c,+o.3 c.c,+o.2 c.c.  3.4  8o% 
7. 0.5 c.c.+N/35o sodium hydrate  0.6 c.c.+o.3 c.c.+o.3 c.c.+o.o c.c.  4.Ol  78% 
We may summarize this experiment as follows: 
A.  By dialyzing guinea pig serum against distilled water  for  a 
sufficient length of  time  a  supernatant  albumen  fraction  was  ob- 
tained which by itself had no hemolytic properties even when added 
in quantities of three cubic centimeters (corresponding to one cubic 
centimeter of whole serum) to highly sensitized cells.  The precipi- 
tated  globulins  (mid-piece)  after  two  reprecipitations were  simi- 
larly  inactive  for  hemolysis.  But  together  in  suitable  amounts 
these two  fractions cause prompt hemolysis. 
B.  Similarly tested for opsonic properties neither of these frac- 
tions  possessed  any  phagocytosis-enhancing powers,  nor  did  they 
show this when put together in amounts in which they were hemolyt- 
ically active. 
C.  When  the  albumen  fraction alone  was  tested  for  hemolytic 
properties in a  series in which small amounts of acid or alkali had 
been added, no reactivation, as found by Bronfenbrenner and Nogu- 
chi, could be demonstrated, at least in the quantities employed by us 
(equivalent to o.I6 of original serum). 
D.  The albumen fraction  (end-piece)  alone showed definite and 
progressively increasing opsonic activity as small amounts of alkali 
were added, approximately restoring the conditions of reaction pre- 
vailing in normal guinea pig serum.  Figures I and 2 illustrate these 
relations. 
SUMMARY  AND  CONCLUSIONS. 
Our experiments show that  the albumen fraction,  or end-piece, 
obtained by the dialysis  of normal guinea pig serum possesses  deft- 360  Nature  of  Opsonic  Substances  of  Normal  Sera. 
nite opsonic action.  This action is often almost equal to that resid- 
ing in the unfractionated alexin.  It is evident, however, only if the 
reaction maintained during  the experiments approximates  that  of 
the original serum.  By the addition of small quantities of a  weak 
sodium hydrate solution to the dialyzed serum we have been able to 
bring back opsonic action which was not evident in the same end- 
piece if simply rendered isotonic. 
Although our attention was called to the question of reaction by 
the work of Bronfenbrenner and Noguchi, like Liefmann, we have 
been  unable  to  reactivate  the  hemolytic  function  of  end-piece by 
alteration of  reaction.  Our  experiments suggest that the opsonic 
action of the albumen fraction is enhanced by preliminary sensitiza- 
tion of the bacteria with heated normal serum and by persensitiza- 
tion of such bacteria with the globulin fraction.  However, we can- 
not  be  positive  of  this,  since  the  slight  differences of  phagocytic 
counts  upon  which such  an  opinion  can  be  based,  fall  within  the 
limits of what we consider our experimental error. 
The fact that the albumen fraction can exert opsonic activity upon 
bacteria but cannot hemolyze blood cells seems to us particularly in- 
teresting in the light of the fact that alexin can be absorbed by un- 
sensitized bacteria but not by similarly untreated blood cells.  The 
literature upon the relation of the alexin  fractions to  bacteria and 
the bactericidal effect is confusing in that contradictory results have 
been obtained by other  workers.  We  are  studying this  phase  of 
the  problem  with  particular  attention  to  the  alkalinity  or  acidity 
under which the reactions are carried out. 
We think that our experiments do not point to a  differentiation 
of normal opsonin from alexin, but we believe they indicate that the 
so called end-piece can enter to a slight extent into non-specific rela- 
tionship with unsensitized bacteria, and it is therefore active, whereas 
it  cannot enter into  a  similar relation  to  unsensitized  cells.  This 
conception,  however,  is  tentatively made,  since  we  are  studying 
further the non-specific absorption of alexin or complement by un- 
sensitized bacteria. 
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EXPLANATION  OF PLATE 40. 
Fic. i.  Field from preparations in which 0.4 c.c. of the albumen fraction was 
used with bacteria and leucocytes. 
FIG. 2.  Same end-piece, or albumen fraction, as figure I, with same bacteria 
and leucocytes, with the addition of 0.4 c.c. N/35o sodium hydrate. 